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chemistry of photochemical phenomena; the 
utilization of photochemical techniques in 
synthesis is treated in passing but is not 
emphasized. After an introduction, which 
seemed rather disjointed, the two succeeding 
chapters survey atomic spectra and struc- 
ture, and the structure and spectra of small 
(usually diatomic) molecules; photophysical 
(light emission, energy transfer, energy 
degradation) and photochemical (decomposi- 
tion, photosensitized reactions) processes are 
discussed in terms of the spectroscopy of the 
species involved. Purely physical reactions of 
photo-excited polyatomic molecules are dis- 
cussed in considerable detail. 
The reviewer gained the impression that  
contemporary interpretation has been pre- 
sented in too dogmatic a fashion. If, as is to 
be anticipated, some modifications of current 
views will arise because of future work, much 
of this chapter could become obsolete. Per- 
haps here was the place for a bit more 
skepticism in the treatment. 
Chapter 5 contains an up-to-date, but 
relatively uncritical, survey of observations 
of the photochemical facts concerning a 
large number of polyatomic molecules. Both 
the novice and the experienced research 
worker will find this chapter an indispensable 
key to the literature on the photochemistry 
of the molecules cited. The chapter on the 
"Determination of Mechanism" contains 
much material on reaction rate theory. This 
should now be regarded as extraneous in a 
work on photochemistry, but otherwise it  is 
an excellent survey of approaches available 
to disentangle the secondary from the pri- 
mary processes. 
The authors are to be commended for 
their 123 pages on experimental methods. 
Here are described and discussed essentially 
all the basic pieces of equipment that  are 
necessary for the newcomer to begin work. 
The more experienced will find a most con- 
venient collection of working formulas. In 
addition he will find several cautionary notes 
concerning measurements of quantum yields 
which all too frequently either have been un- 
recognized or ignored in much of the pub- 
lished literature on photochemistry. 
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Many practical problems require numerical 
computation with inexact data because the 
magnitudes involved are determined experi- 
mentally by approximate measurements. 
Usually there is some knowledge of the ac- 
curacy of the measurement which may be 
indicated by a bound for its error. 
The usual point ari thmetic--in which the 
numbers used can be represented by points 
on a scale---is inadequate, without some 
modification, for drawing precise conclusions 
about many of the results of arithmetic oper- 
ations in which the magnitudes of the meas- 
urements can not be completely represented 
by points. 
If however with a _~ b it  is known that  
measurement x is no smaller than a and no 
larger than b, then the measurement can be 
represented by the closed interval [a, b] which 
consists of all the point values of x, a < x _~ b, 
and is formally defined by the set {x[a 
x ~ b}. This dual number is called an 
interval number and analysis with interval 
numbers is called interval analysis. The 
customary (point) number is then a special 
(degenerate) case of an interval number with 
b ~ a .  
Professor Moore, building on the results of 
earlier authors and using modern digital 
computation, presents an integrated treat- 
ment of interval numbers which covers not 
only the basic operations of interval arith- 
metic but  also matrix computations with 
intervals, interval integrals, an interval 
method for integral equations, etc. 
One modification of the use of point num- 
bers for the solution of problems featuring 
measurements with inherent errors, appli- 
cable to formulae with arguments having 
bounds for the inherent error, is the expres- 
sion of the increment of the function in terms 
of the arguments and their inherent errors. 
The differential of the function is fre- 
quently used as an approximation to the 
increment. Alternatively probability theory 
can be applied, in situations in which certain 
assumptions regarding the distribution of the 
inherent errors seem suitable, to discover how 
these errors are propagated under calculation. 
But probably the most usefu! modification, 
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applicable to nmre general problems, is tha t  
of significant figures in which the  decimal 
number  resulting from a calculation is ex- 
pressed to no more places than  is warranted 
by the precision of the result. This modifica- 
tion calls for the interpretat ion of a decimal 
number  as an interval  ra ther  than  a point. 
Thus  the  digital 31.96 is interpreted as the 
interval  number  [31.955, 31.965]. 
This is an ingenious device and with the 
additional rules which have been worked out  
for the basic ar i thmetical  operations, has 
been very useful in building an interval 
analysis using the s t ructure  of point  analysis. 
Bu t  this interval analysis is severely re- 
stricted since only a relatively small class of 
interval  numbers can be represented because 
(a) the interval  featured can have only the 
size of the unit  of the last  decimal position 
and (b) the mid value of the interval  number  
may not  correspond to any point  number  in 
the  subset of digital numbers available. 
Thus while the interval  number  [0.985, 
0.995], with interval  length 0.010, is com- 
pletely expressed by the point number  0.99, 
the  interval  number  [0.989~ 0.991], which 
has interval  length of only 0.002, is also ex- 
pressed by the same point  number.  The 
interval  number  [0.984, 0.986], aho  having 
interval  length 0.002, is not  represented by 
0.985 nor by 0.98 nor by  0.99 bu t  ra ther  by 
1.0, with an interval  interpretat ion of [0.95, 
1.05] and an interval  length of 0.1. This 
interval  is 50 times larger than  the  interval 
i t  is supposed to identify! 
The author illustrates the fact t ha t  er- 
roneous conclusions can come from the use 
of point  ari thmetic interpreted as interval 
arithmetic,  even with multiple precision 
techniques, for problems with a small num- 
ber, as well as for problems with a large 
number,  of sequential computations. 
Wha t  is needed, particularly in this age 
of improved calculational aids, is an analysis 
for interval  numbers and this is what  the 
author gives us. The operational laws of 
interval  ari thmetic are then presented. The 
distr ibutive law does not  always hold for 
interval ari thmetic though a property of 
subdistr ibutivi ty is helpful. 
Because the number  of decimal positions 
in precise interval  ar i thmetic  may grow very 
rapidly with successive operations, rounded 
interval  ari thmetic is introduced with the 
resultant  intervals given by bounds rather  
than  limits. Chapter  4 is devoted to a matr ix 
topology and features the concept of the 
"dis tance"  between two intervals. Next the 
author  discusses matr ix computations with 
intervals as applied to direct methods of 
solving linear equations and invert ing mat-  
rices, and explains E. Hansen 's  method for 
obtaining sharp bounds for the  inverse of an  
interval  matrix. 
In  discussing values and ranges of values 
of real functions, Moore introduces the  con- 
cept and the use of the "centered form" and 
discusses briefly the determination and  use 
of extreme values of rat ional functions as 
well as the values and ranges of irrational 
functions. 
Other  chapters deal with interval  analysis 
for such topics as interval  contractions and 
root finding, integrals, integral equations, 
and the initial-value problem in ordinary 
differential equations. Final discussions cover 
machine generation of Taylor coefficients, 
numerical results with Taylor expansion of 
order K, and coordinate transformations for 
the initial-value problem for systems of 
ordinary differential equations, for which a 
flow chart  is shown in an appendix. Another  
appendix illustrates the various kinds of 
ar i thmetic  used. References (mostly current) 
are given in each chapter  to per t inent  sources. 
This book is a valuable introduction to 
interval  analysis. I t  is a pioneering work on a 
subject  which needs further  development. As 
s ta ted on p. 45, the concept of "centered 
form" is in an initial stage; and on pp. 67-69, 
t ha t  additional research is needed on the 
interval-vector version of Newton's  method. 
The organization of this material  and its 
presentat ion should do much toward stimu- 
lating further  interest.  
PAUL S. DWYER 
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Wi th  the extensive astronomical l i terature 
being published today, it is difficult, if not  
impossible, to keep up with all the  recent 
developments. Therefore, a comprehensive 
review in fields apar t  from one's specialties 
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